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Abstract Temporary ponds are seasonal wetlands
annually subjected to extreme and unstable ecolog-
ical conditions, neither truly aquatic nor truly terres-
trial. This habitat and its flora have been poorly
studied and documented because of the ephemeral
character of the flora, the changeable annual weather
that has a great effect on the small, herbaceous taxa
and the declining abundance of temporary ponds. The
objectives of this study are: (a) to define plant
community diversity in terms of floristic composition
of ephemeral wetlands in SW Portugal, (b) to identify
temporary pond types according to their vegetation
composition and (c) to identify those ponds that
configure the European community priority habitat
(3170* – Mediterranean temporary ponds).
Vegetation sampling was conducted in 29 ponds,
identifying 168 species grouped among 15 plant
communities. Soil texture, pH, organic C and N
content were measured, but only N and percent of
clay appear to be related with the distribution of each
community type. The results showed that ephemeral
wetlands could be classified into four type: vernal
pools, marshlands, deep ponds and disturbed wet-
lands. Vernal pools correspond to the Mediterranean
temporary ponds (3170*), protected as priority hab-
itat under the EU Habitats Directive. Submersed
Isoetes species (Isoetes setaceum and Isoetes vela-
tum) represents, together with Eryngium cornicula-
tum, the indicator species for vernal pools. We
identify also indicator plant communities of this
priority habitat, namely I. setaceum and E. cornicul-
atum–Baldellia ranunculoides plant communities. In
this region, the conservation of temporary ponds has
so far been compatible with traditional agricultural
activities, but today these ponds are endangered by
the intensification of agriculture and the loss of
traditional land use practices and by the development
of tourism.
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Introduction
The Mediterranean Basin has been recognised as a
global biodiversity ‘‘hotspot’’ (Blondel & Arronson,
1999). Temporary ponds are classified among the
most biologically and biogeographically interesting
ecosystems in the Mediterranean region (Grillas
et al., 2004). Temporary ponds (vernal pools) are
unusual habitats, neither truly aquatic nor truly
terrestrial. They are seasonal wetlands with annually
alternating phases of flooding and drying in shallow
depressions. The water-holding capacity is, in some
cases, related with the underlining impervious sub-
strate (Keeley & Zedler, 1998). Braun-Blanquet
(1936) was among the first to point out the high
biological value of temporary ponds, but new interest
has grown among several ecologist in the Mediter-
ranean region.
The ephemeral vegetation of temporary ponds is
dominated mainly by annual and herbaceous peren-
nials that appear during winter and spring months.
The vegetation is diverse and is rich in annual
hygrophytes, hemicryptophytes and geophytes
(Brullo & Minissale, 1998; Barbour et al., 2003;
Deil, 2005). Species composition and the dynamics of
plant communities in Mediterranean temporary ponds
are affected by inter- and intra-annual climatic
conditions (Rhazi et al., 2001; Espı´rito-Santo &
Arse´nio, 2005). Studies on Portuguese vernal pools
mainly remain at a descriptive level (Jansen &
Menezes de Sequeira, 1999; Pinto-Gomes et al.,
1999; Rossello´-Graell et al., 2000; Espı´rito-Santo &
Arse´nio, 2005; Rudner, 2005a, b).
Temporary ponds are extremely vulnerable habi-
tats due to their small size, shallow depth of water,
proximity to expanding urban areas and to intensive
agriculture, industrialisation, development of tourism
and their scattered and isolated distribution at a
regional level. Temporary ponds have, for thousands
of years, been compatible with and even favoured by
traditional farming regimes, but modern agriculture
obliterates them (Rhazi et al., 2001; Beja & Alcazar,
2003). They are recognized by the Ramsar Conven-
tion on Wetlands and some are priority habitats under
the Habitats Directive of the European Community
(Natura 2000 code: 3170* – Mediterranean tempo-
rary ponds).
Mediterranean temporary ponds are significant and
highly sensitive ecosystems that should be studied
more due to their vulnerability to human activities
and climate changes (Stamati et al., 2008). We
hypothesize that temporary pond types can be defined
according to their plant community composition and
that some communities or mixture of communities in
a pond is related to their conservation status. The
objectives of this study are: (a) to define plant
community diversity in terms of floristic composition
of ephemeral wetlands in SW Portugal, (b) to identify
temporary pond types according to their vegetation
composition and (c) to identify those ponds that
configure the European community priority habitat
(3170* – Mediterranean temporary ponds). It is
important to define seasonal wetland typology to
establish conservation priorities. The assessment of
the conservation status can be used as a basis for
management strategies.
Materials and methods
Study area
The study area is the coastal plain of southwest
Portugal, which runs north–south for about 100 km
long x 5–15 km wide, ranging 50–150 m above sea
level (Fig. 1). This area hosts a large number of
seasonal wetlands as a consequence of climatic,
edaphic and topographic characteristics. The approx-
imate pond density in the studied area is 0.28 per
Km2. Waters are soft to slightly hard, circum-neutral
to slightly acidic and sometimes high in phosphates
and nitrates (Beja & Alcazar, 2003).
This coastal platform is carved in Palaeozoic schist
and covered by sandstone types (sands, sandstone and
conglomerates as described by Neto et al., 2007). The
lithology of the territory includes siliceous materials
and base-poor soils. According to local weather data
(INMG, 1991), the climate is Mediterranean with an
oceanic influence. From north to south, the mean
annual precipitation declines from 614 to 456 mm,
falling mainly from October to March. Thus, aridity
increases southwards. Winter and summer average
temperatures are 11 and 20.5C, respectively.
This area is administered as the Natural Park, of
southwest Alentejo and Vicentina Coast, a large
stretch of the Portuguese coastline subject to spe-
cial protection. Nevertheless, a high percentage of
the ephemeral wetlands are privately owned. The
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traditional land uses in the regions were extensive
agriculture and livestock pastures in rotation. Pres-
ently, some 12,000 ha are administrated by a hydro-
logical plan to further develop agricultural activities.
In 2006 and 2007, fodder and maize occupied the
largest areas, around 18–20% each (ABM, 2007,
2008).
Data collection
The vegetation was sampled in a stratified random
manner to obtain broadly representative data (Kent &
Coker, 1992). The stratification took into account
lithology (sands and conglomerates) as well as the
wetland’s morphology (area 0.1–5 ha, depth 0.4–
2 m). Field sampling was carried out in 29 seasonal
wetlands. The study period extended from late winter
(February) to early summer (June) in 2006 and 2007.
Ponds were visited twice a year. Plant communities
were surveyed in visually homogenous 4 m2 quad-
rats, and each taxon’s percent cover was recorded
adapting Braun-Blanquet’s (1964) method to allow
conventional multivariate procedures (Podani, 2006).
In each pond all physiognomically homogeneous
patches of vegetation were sampled. Usually, three
types, at different pond depths (margin, intermediate
and deep parts), were present and each was sampled
twice. Plant community types were named according
to the syntaxonomical checklist of Rivas-Martı´nez
et al. (2001, 2002a, b). Plant nomenclature follows
Flora Iberica (Castroviejo et al., 1986–2008) and
Nova Flora de Portugal (Franco, 1984; Franco &
Rocha Afonso, 1994–2003).
In each pond, soil surface samples were collected
with a hand probe and mixed for chemical and
physical analyses. Soil samples were air-dried and
sieved at 2 mm. Three fractions (sand, silt and clay)
of soil texture were determined for each sample using
the sedimentation method (Sedigraph 5100, Micro-
metrics Instrument Corporation). Standard soil anal-
yses were carried out to determine the soil pH in a
1:2.5 soil–water suspension (glass electrode CRI-
SON, Microph 2002), conductivity in a 1:5 suspen-
sion microprocessor conductivity meter LF 330
WTW and a standard conductivity cell Tetracon
325, and organic carbon by dry combustion analysed
by an SC-144DR (LECO Instruments). Determina-
tion of nitrogen content was made after the ISO
14891:2002 standard (ISO/IDF, 2002).
Data analysis
The data set includes 302 releve´s and 168 species.
The raw matrix was analysed with the software
Fig. 1 Location of the 29
sampled temporary ponds.
Map layout created with
Quantum GIS
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package SYN-TAX 5.0 (Podani, 2001) and plant
community types were recognized with Hierarchical
Cluster Analysis using the weighted-pair group
method (WPGMA) and Chord Distance as a dissim-
ilarity measure. Similarity Analysis (ANOSIM) with
Bray–Curtis similarity measure (PRIMER, version 6)
was used to test for significant differences in plant
community composition. Indicator species analysis
(Dufreˆne & Legendre, 1997) evaluated taxonomic
consistency of plant communities by calculating
species fidelity to each cluster, identifying species
responsible for differences between plant groups
(software PC-ORD 4).
Based on the relative abundance of plant commu-
nities in each pond, an incremental sum of squares,
with standardized Euclidean distance, cluster analy-
sis, was performed to group the ponds (SYN-TAX
5.0). Also, based on the relative abundance of plant
communities, an initial detrended correspondence
analysis (DCA) was carried out to determine the
gradient lengths before deciding on the most appro-
priate method for analysis. Principal components
analysis (PCA) was carried out to define pond groups
using the program CANOCO 4.5. (ter Braak &
Sˇmilauer, 2002).
Multiple discriminant analysis (MDA) (Legendre
& Legendre, 1998) was used to determine the best set
of variables that discriminate groups among the PCA
clusters, based on several soil environmental vari-
ables: soil texture, pH, conductivity, organic carbon
and N content. In order to eliminate those variables
that provided insignificant information (P = 0.01), a
forward stepwise procedure was applied to each
variable. For this last analysis SPSS-15.0 program
package was used. Prior to analysis, all data were
either log 10 (x ? 1) (linear measurements) or arcsin
[sqrt (x)] (percentages) transformed to improve
normality.
Results
Plant community types
Ephemeral wetlands, taken as a group, are rich in
species (168 taxa in our study) and in community
types. Some 15 community types, putative associa-
tions or alliances, were identified by cluster analysis,
using floristic information (Table 1). Significant
differences (P \ 0.01) from similarity analysis were
observed for all communities. Indicator species
analysis identified characteristics species for each
community. The mean number of taxa per plant
community (see Table 1) ranged from 5–6 in aquatic
communities in wetland bottoms to 17–21 in ephem-
eral grasslands in wetland margins.
Aquatic vegetation is represented by crowfoot
(L—Ranunculus peltatus) and water-milfoil (N—
Myriophyllum alterniflorum) communities. Helophy-
tic vegetation is constituted by low grasslands
(E—Eleocharis palustris–Glyceria declinata), bulrushes
(O—Bolboschoenus maritimus) and endemic rushes
(F—Juncus emmanuelis) communities. Amphibious
vernal pool vegetation includes Atlantic decumbent-
floating vegetation (D—Eleogiton fluitans–Juncus
heterophyllus communities), quillwort swards (C—
Juncus capitatus–Isoetes histrix communities, J—
Isoetes setaceum communities) and Mediterranean
thistles (I—Eryngium corniculatum–Baldellia ranun-
culoides communities). Marshland communities are
dominated by H—Agrostis castellana, together with
K—Eleocharis multicaulis communities in the mar-
gins. Edge vegetation includes communities domi-
nated by rushes (B—Juncus rugosus), perennial
grasslands (G—Phalaris coerulescens and H—A. cas-
tellana) and annual grasslands (M—Chaetopogon fas-
ciculatus communities) (Table 2).
Habitats and Communities
A previous numerical clustering allowed identifying
three habitat groups and a subgroup namely: vernal
pools (VP) within which deep ponds (L) can be
identified as a subgroup, marshlands (M) and dis-
turbed wetlands (D). The PCA ordination diagram
(Fig. 2) also distinguished these units. Axis 1 sepa-
rated the wetlands containing ephemeral temporary
ponds’ plant communities (e.g. I. setaceum commu-
nities, E. corniculatum–B. ranunculoides communi-
ties and C. fasciculatus communities) from the
others. Deep ponds occurring in the far right side of
the ordination diagram are defined by aquatic and
bulrush communities such as R. peltatus communi-
ties, M. alterniflorum communities, and B. maritimus
communities. In the left half part of the ordination
diagram (axis 2), separated wetlands were character-
ised by typical marshland plant communities
14 Hydrobiologia (2009) 634:11–24
123
T
a
b
le
1
S
y
n
o
p
ti
c
ta
b
le
fo
r
1
5
co
m
m
u
n
it
y
ty
p
es
G
ro
u
p
A
B
C
D
E
F
G
H
I
J
K
L
M
N
O
N
o
.
o
f
re
le
ve´
s
5
4
3
0
5
4
2
8
3
9
2
0
6
5
1
1
1
7
1
1
6
6
9
6
M
ea
n
sp
ec
ie
s
n
1
2
1
5
1
7
9
7
1
0
1
5
1
0
1
1
1
0
1
2
6
2
1
5
9
IV
R
a
n
u
n
cu
lu
s
p
el
ta
tu
s
–
0
.1
–
0
.2
2
0
.3
–
–
0
.2
–
–
6
9
*
*
*
–
3
–
8
3
.4
*
*
*
C
a
ll
it
ri
ch
e
st
a
g
n
a
li
s
–
0
.1
0
.1
2
2
0
.1
0
.2
–
–
–
–
4
*
–
0
.2
–
2
0
.4
*
C
a
ll
it
ri
ch
e
b
ru
ti
a
–
–
1
1
–
–
–
–
–
–
–
–
–
–
Is
o
et
es
h
is
tr
ix
0
.3
1
6
*
*
*
–
–
–
–
–
–
–
–
–
1
–
–
4
3
.4
*
*
*
L
yt
h
ru
m
b
o
ry
st
h
en
ic
u
m
0
.2
–
0
.1
1
0
.1
2
–
–
1
0
.3
0
.3
–
0
.2
–
–
S
o
le
n
o
p
si
s
la
u
re
n
ti
a
0
.1
0
.1
0
.1
–
–
–
–
2
–
2
–
–
–
–
–
E
ry
n
g
iu
m
co
rn
ic
u
la
tu
m
1
–
0
.1
1
1
1
6
9
–
3
5
*
*
1
4
1
1
3
1
1
9
1
2
2
3
*
*
Is
o
et
es
se
ta
ce
u
m
–
–
0
.1
0
.4
2
3
–
–
3
3
3
*
*
*
3
–
1
1
1
5
4
.7
*
*
*
Is
o
et
es
ve
la
tu
m
0
.2
1
0
.1
–
2
0
.3
–
–
3
1
2
*
*
*
1
–
–
–
–
3
4
.1
*
*
*
Il
le
ce
b
ru
m
ve
rt
ic
il
la
tu
m
0
.1
0
.2
1
0
.4
1
2
–
0
.2
6
2
0
.3
6
*
1
0
.1
1
1
5
.8
*
Is
o
le
p
is
p
se
u
d
o
se
ta
ce
a
0
.1
0
.3
3
*
*
–
–
–
–
–
–
–
–
–
1
–
–
2
2
.2
*
*
K
ic
kx
ia
ci
rr
h
o
sa
0
.2
1
–
–
–
–
–
–
–
–
–
–
1
–
–
C
ic
en
d
ia
fi
li
fo
rm
is
0
.1
0
.2
1
–
–
0
.2
–
–
–
0
.1
–
–
–
–
–
E
xa
cu
lu
m
p
u
si
ll
u
m
–
0
.2
0
.1
0
.1
–
–
–
–
0
.4
1
*
0
.1
–
0
.1
–
–
1
7
.5
*
C
h
a
et
o
p
o
g
o
n
fa
sc
ic
u
la
tu
s
0
.1
–
1
–
–
0
.1
–
–
0
.1
4
2
–
3
5
*
*
*
–
–
7
2
.6
*
*
*
Ju
n
cu
s
b
u
fo
n
iu
s
1
2
1
4
*
*
*
1
–
0
.1
4
0
.1
0
.1
0
.1
0
.1
–
4
–
–
3
4
.4
*
*
*
Is
o
le
p
is
ce
rn
u
a
2
5
3
2
0
.1
2
5
–
0
.2
1
0
.3
–
1
–
–
P
u
li
ca
ri
a
p
a
lu
d
o
sa
0
.4
–
–
–
0
.4
3
0
.2
1
3
9
*
*
*
1
–
1
–
–
3
1
.9
*
*
*
M
en
th
a
p
u
le
g
iu
m
1
6
0
.4
1
0
.1
2
3
*
*
–
0
.4
–
–
–
–
–
–
2
3
.2
*
*
Ju
n
cu
s
p
yg
m
a
eu
s
1
0
.4
1
0
.1
–
2
–
–
0
.5
1
2
–
1
–
–
Ju
n
cu
s
ca
p
it
a
tu
s
0
.3
1
7
–
–
–
–
–
–
–
–
–
1
–
–
4
5
*
*
*
Ju
n
cu
s
te
n
a
g
ei
a
0
.5
1
0
0
.2
–
2
–
1
0
.1
0
.1
2
–
1
–
–
A
g
ro
st
is
p
o
u
rr
et
ii
0
.2
1
1
0
.1
0
.1
0
.3
3
0
.4
0
.3
–
–
–
0
.2
–
–
L
yt
h
ru
m
h
ys
so
p
if
o
li
a
0
.4
1
1
0
.2
0
.2
0
.2
1
–
1
0
.1
1
–
0
.2
–
1
C
a
rl
in
a
ra
ce
m
o
sa
0
.1
0
.1
0
.1
–
–
–
–
3
–
–
–
–
–
0
.2
–
–
H
yp
er
ic
u
m
h
u
m
if
u
su
m
0
.3
0
.3
1
–
–
–
–
–
–
–
–
–
3
–
–
A
n
ti
n
o
ri
a
a
g
ro
st
id
ea
–
–
–
–
–
–
–
–
1
–
2
–
0
.2
–
–
B
a
ld
el
li
a
ra
n
u
n
cu
lo
id
es
3
1
0
.3
5
6
1
7
*
*
4
1
4
5
3
–
0
.3
5
4
2
1
*
*
M
yr
io
p
h
yl
lu
m
a
lt
er
n
ifl
o
ru
m
–
–
–
2
1
–
–
–
–
–
–
–
–
6
1
*
*
*
–
9
2
.1
*
*
*
Hydrobiologia (2009) 634:11–24 15
123
T
a
b
le
1
co
n
ti
n
u
ed
G
ro
u
p
A
B
C
D
E
F
G
H
I
J
K
L
M
N
O
E
le
o
ch
a
ri
s
m
u
lt
ic
a
u
li
s
3
2
0
.2
0
.1
–
0
.1
–
–
1
–
4
6
*
*
*
3
1
–
1
6
6
.9
*
*
*
Ju
n
cu
s
h
et
er
o
p
h
yl
lu
s
1
1
0
.3
2
8
*
*
*
3
3
–
–
2
–
–
–
–
0
.3
–
4
0
.9
*
*
*
H
yd
ro
co
ty
le
vu
lg
a
ri
s
2
3
0
.2
2
–
–
–
–
–
–
2
–
–
–
–
E
le
o
g
it
o
n
fl
u
it
a
n
s
1
0
.2
–
7
*
*
0
.4
–
–
–
–
–
–
–
–
–
–
2
8
.8
*
*
Ju
n
cu
s
b
u
lb
o
su
s
3
2
0
.5
1
–
–
–
–
–
–
2
–
–
–
–
L
it
to
re
ll
a
u
n
ifl
o
ra
–
–
–
–
–
–
–
–
2
5
*
–
–
–
–
–
H
yp
er
ic
u
m
el
o
d
es
1
1
0
.3
1
–
–
–
–
–
–
2
–
–
–
–
M
yo
so
ti
s
lu
si
ta
n
ic
a
0
.1
–
0
.1
–
–
–
–
–
–
–
–
–
–
–
–
E
le
o
ch
a
ri
s
p
a
lu
st
ri
s
1
0
.1
0
.3
2
4
3
*
*
*
8
1
0
–
8
0
.4
–
2
–
5
6
3
3
.5
*
*
*
G
ly
ce
ri
a
d
ec
li
n
a
ta
0
.1
1
0
.1
6
2
2
*
*
*
4
1
–
0
.5
–
0
.1
8
–
3
–
3
0
.1
*
*
*
B
o
lb
o
sc
h
o
en
u
s
m
a
ri
ti
m
u
s
–
–
–
0
.1
0
.2
0
.3
–
–
0
.1
–
–
–
–
0
.3
3
8
*
*
*
9
1
.2
*
*
*
R
a
n
u
n
cu
lu
s
o
p
h
io
g
lo
ss
if
o
li
u
s
0
.4
1
0
.1
1
0
.2
0
.4
5
*
*
–
0
.3
–
–
–
–
–
–
2
5
.4
*
*
A
li
sm
a
la
n
ce
o
la
tu
m
–
–
–
0
.1
–
2
3
–
–
–
–
–
–
–
–
A
g
ro
st
is
st
o
lo
n
if
er
a
4
9
*
*
*
1
1
3
7
2
1
0
.3
–
8
5
1
1
1
0
.3
1
2
3
5
.8
*
*
*
P
h
a
la
ri
s
co
er
u
le
sc
en
s
1
0
.1
1
–
0
.3
1
3
5
*
*
*
5
1
1
0
.2
–
0
.3
–
0
.3
5
6
.2
*
*
*
C
a
ru
m
ve
rt
ic
il
la
tu
m
1
0
.1
0
.1
–
1
4
–
4
2
1
4
1
3
2
–
1
1
*
1
8
.4
*
H
o
lc
u
s
la
n
a
tu
s
5
5
*
*
2
0
.2
–
0
.1
–
8
–
–
1
2
–
–
–
2
1
.1
*
*
L
yt
h
ru
m
ju
n
ce
u
m
1
1
1
1
0
.2
0
.4
5
*
*
–
0
.2
–
0
.4
–
–
–
–
2
3
.7
*
*
Ju
n
cu
s
a
cu
ti
fl
o
ru
s
su
b
sp
.
ru
g
o
su
s
0
.1
1
1
*
*
0
.1
–
–
–
–
–
–
–
–
–
–
–
–
2
9
*
*
C
h
a
m
a
em
el
u
m
n
o
b
il
e
0
.1
–
–
–
–
0
.2
0
.2
1
0
.3
2
1
–
4
–
–
S
il
en
e
la
et
a
1
1
2
–
–
–
0
.1
0
.4
–
–
–
–
3
–
–
T
ri
fo
li
u
m
d
u
b
iu
m
0
.3
–
1
–
–
–
0
.3
0
.3
–
–
–
–
3
*
*
–
–
3
3
.1
*
*
Ju
n
cu
s
ef
fu
su
s
2
0
.2
–
0
.1
–
–
–
–
–
–
0
.1
–
–
–
–
L
o
tu
s
u
li
g
in
o
su
s
1
1
0
.4
0
.3
0
.1
–
–
–
–
–
–
–
–
–
–
Ju
n
cu
s
a
cu
ti
fl
o
ru
s
su
b
sp
.
a
cu
ti
fl
o
ru
s
0
.1
0
.2
0
.2
–
–
0
.3
–
7
*
*
–
1
0
.2
–
–
–
–
2
7
.6
*
*
Ju
n
cu
s
em
m
a
n
u
el
is
3
1
1
1
1
2
6
*
*
8
1
0
.3
0
.2
8
–
3
–
2
2
9
.6
*
*
C
yn
o
d
o
n
d
a
ct
yl
o
n
2
8
2
2
0
.2
2
–
3
4
2
2
–
2
1
5
L
eo
n
to
d
o
n
ta
ra
xa
co
id
es
su
b
sp
.
ta
ra
xa
co
id
es
1
4
5
0
.4
0
.1
1
–
–
3
1
2
–
1
0
*
*
*
–
2
3
0
.4
*
*
*
16 Hydrobiologia (2009) 634:11–24
123
T
a
b
le
1
co
n
ti
n
u
ed
G
ro
u
p
A
B
C
D
E
F
G
H
I
J
K
L
M
N
O
P
a
sp
a
lu
m
p
a
sp
a
lo
d
es
2
0
.3
1
1
1
1
1
–
–
1
0
.2
1
–
–
–
1
Ju
n
cu
s
m
a
ri
ti
m
u
s
–
–
–
–
–
–
–
4
–
–
–
–
–
–
1
9
*
*
2
5
.2
*
*
P
la
n
ta
g
o
co
ro
n
o
p
u
s
1
0
6
0
.1
–
–
5
1
–
1
–
–
3
–
–
L
o
tu
s
h
is
p
id
u
s
1
2
2
1
0
.1
–
0
.3
4
0
.3
0
.1
0
–
1
0
*
*
–
–
–
2
2
.6
*
*
M
yo
so
ti
s
d
eb
il
is
0
.4
1
0
0
.3
1
2
1
–
2
1
1
–
1
–
1
D
it
tr
ic
h
ia
vi
sc
o
sa
su
b
sp
.
re
vo
lu
ta
1
6
1
0
.4
0
.3
0
.1
0
.2
1
0
.3
0
.1
1
–
3
*
–
–
1
4
.8
*
C
o
tu
la
co
ro
n
o
p
if
o
li
a
0
.2
0
.2
0
.2
1
1
1
2
*
*
–
–
3
–
–
–
0
.2
–
–
2
1
.4
*
*
C
h
a
m
a
em
el
u
m
m
ix
tu
m
0
.2
2
3
0
.1
–
0
.1
0
.3
–
0
.1
1
–
–
4
*
*
–
–
2
4
.8
*
*
A
n
a
g
a
ll
is
te
n
el
la
1
5
*
*
0
.3
0
.4
–
–
–
–
–
–
2
–
–
–
–
2
5
.5
*
*
P
o
ly
p
o
g
o
n
m
a
ri
ti
m
u
s
0
.1
0
.1
0
.1
1
0
.3
1
0
.3
0
.4
2
2
–
–
–
–
2
B
ri
za
m
in
o
r
1
0
.2
2
–
–
0
.3
1
0
.2
–
–
–
–
3
*
*
*
–
1
3
8
.6
*
*
*
B
ri
za
m
a
xi
m
a
1
1
2
–
–
–
–
0
.2
–
–
0
.1
–
1
–
3
A
n
a
g
a
ll
is
a
rv
en
si
s
1
2
3
*
*
*
0
.1
–
0
.4
–
–
–
0
.1
0
.2
–
1
–
–
2
8
.6
*
*
*
G
a
u
d
in
ia
fr
a
g
il
is
0
.3
0
.2
0
.4
–
–
–
–
–
–
–
–
–
6
*
*
*
–
0
.2
6
5
.6
*
*
*
O
rn
it
h
o
p
u
s
p
in
n
a
tu
s
0
2
4
*
*
*
–
–
–
–
–
–
–
–
–
1
–
–
4
3
.4
*
*
*
V
u
lp
ia
m
u
ra
li
s
0
.3
0
.2
2
–
–
–
0
.3
2
–
–
–
–
3
*
*
–
–
2
7
.4
*
*
R
a
n
u
n
cu
lu
s
tr
il
o
b
u
s
0
.3
0
.3
1
0
.1
0
.1
0
.2
1
–
1
0
.1
–
–
–
–
–
P
a
n
ic
u
m
re
p
en
s
1
1
1
2
0
.3
–
–
–
–
–
0
.1
–
–
–
–
L
o
li
u
m
m
u
lt
ifl
o
ru
m
0
.1
0
.1
1
0
.1
0
.1
0
.3
2
*
*
*
–
–
0
.1
–
–
–
–
–
2
9
.8
*
*
*
H
ya
ci
n
th
o
id
es
vi
ce
n
ti
n
a
su
b
sp
.
tr
a
n
st
a
g
a
n
a
0
.2
–
0
.3
–
–
1
–
0
.4
1
2
0
.1
–
–
–
–
P
o
te
n
ti
ll
a
er
ec
ta
0
.1
3
0
.1
–
–
–
–
–
–
–
1
–
–
–
–
L
o
li
u
m
ri
g
id
u
m
0
.1
–
0
.1
–
0
.1
–
2
*
–
0
.3
0
.2
–
–
0
.2
–
–
2
0
.2
*
S
er
a
p
ia
s
li
n
g
u
a
1
–
1
–
–
–
–
–
–
–
–
–
2
*
*
–
–
2
9
.1
*
*
N
it
el
la
sp
.
–
–
–
1
1
–
–
–
–
–
–
–
–
1
–
A
g
ro
st
is
ca
st
el
la
n
a
–
0
.2
0
.1
–
–
0
.1
–
3
7
*
*
*
–
–
1
–
1
–
–
8
8
.8
*
*
*
L
o
b
el
ia
u
re
n
s
1
1
0
.1
–
–
–
–
–
–
–
0
.1
–
–
–
–
P
in
u
s
p
in
a
st
er
0
.1
2
0
.1
–
–
–
–
–
–
–
0
.2
–
–
–
–
Ju
n
cu
s
h
yb
ri
d
u
s
0
.1
1
1
–
–
–
–
–
–
–
–
–
–
–
–
C
en
ta
u
ri
u
m
m
a
ri
ti
m
u
m
–
0
.1
0
.1
–
–
–
0
.2
–
–
–
–
–
1
*
–
–
2
0
.8
*
T
ri
fo
li
u
m
ca
m
p
es
tr
e
–
–
0
.1
–
–
–
0
.3
1
*
–
–
–
–
1
–
–
2
2
*
Hydrobiologia (2009) 634:11–24 17
123
such as E. multicaulis communities and J. rugosus
communities (lower left quadrant) from other wet-
lands poorly characterised from a vegetational view-
point (e.g. E. palustris–G. declinata communities
and E. fluitans–J. heterophyllus communities). In
fact, disturbed wetlands present the lower values in
plant-community richness in contrast to vernal pools
with the higher community richness (Table 3). In
terms of soil features, temporary ponds vary from
sandy clay loam to loamy sand soils. The pH values
range from moderately (6.3) to strongly (4.4) acidic
and N levels ranged between 0.11 and 0.78%. Mean
soil values per habitat showed that marshlands were
high in fine particles and that disturbed wetlands were
high in C and N (Table 3).
Relation between habitat type and environmental
variables
The MDA showed that % clay (Wilks’ k = 0.759)
and N content (Wilks’ k = 0.740) were the only
entered variables (Table 4). A total Wilks’ k value of
0.457 (P \ 0.001) shows the reasonable discriminant
power of the model. The discriminant function 1
(DF1) (k1 = 0.9) was mainly correlated (0.688) with
soil clay, and it explained 85.5% of total variance,
whereas the second discriminant function (DF2)
(k2 = 0.15) was mainly correlated (0.364) with soil
N content and explained 14.5% of total variance.
A plot of two canonical discriminant functions
(Fig. 3) showed relative good, although unequal,
separation of the centroids for the four habitat types.
The high discriminant weight of soil clay % (DF1)
was responsible for the segregation between marsh-
lands (negative values) and vernal pool (VP) habitats
(positive values). Whereas, DF2 revealed a weak
separation of vernal pool and deep pond habitats,
DF2 also differentiated disturbed wetlands by soil N
content (positive values).
Discriminant functions appear to have a good
classification with 70.4% of the original cases
correctly classified. However, the robustness of this
classification resulted from the fitness of only two
groups (VP and M). Classification data for each
habitat are presented in Table 5. Analysing the
cross-validated data, deep ponds’ vegetation was the
worst-classified group, with 100% of misclassified
cases.T
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Discussion
Seasonal Mediterranean wetlands in SW Europe
encompass a wide vegetation and community type
richness that include both annual and perennial
vegetations mainly dominated by grasses and herbs
(Deil, 2005). Our study revealed 15 community types
floristically distinct for a territory of about 300 km2
in the coastal plain in SW Portugal with a typical
Mediterranean climate. These results are similar to
those carried out in other Atlantic–Mediterranean
areas (Pinto-Gomes et al., 1999; Deil, 2005; Espı´rito-
Santo & Arse´nio, 2005; Bagella et al., 2007). Most of
the vegetation corresponded to perennial plant com-
munities (n = 9), some annual (n = 4), and few are
perennating (n = 2) (Table 2). The dominance of
perennial communities in studied temporary ponds
seems to be in contradiction with the established
concept that Mediterranean temporary ponds are
dominated by annuals (Rhazi et al., 2006; Arguim-
bau, 2008; Della Bella et al., 2008). In our case study,
we found annual plant communities in both ephem-
eral aquatic habitats mainly at the upper margin. The
same pattern of annual vegetation distribution has
been documented in other Mediterranean–Atlantic
areas (Molina, 2005, Rhazi et al., 2006).
Numerical analysis revealed three main habitats:
ponds, marshlands and disturbed wetlands. According
to Oertli et al. (2005) in the definition of ponds, the
area size of some studied ponds ([2 ha) is oversized,
stretching out their segregation from vernal pools (VP)
into a 4th group, named deep ponds (L). It is
noteworthy that disturbed wetlands (D) result both
from the degradation of vernal pools and marshlands
(M), by human influence intensification. We infer from
these considerations that Mediterranean seasonal
wetlands include a variety of habitats not always well
classified (Deil, 2005). However, our study shows that
plant communities can help to correctly classify
habitat types for the case of Mediterranean seasonal
wetland ecosystems. Vernal pools showed the greatest
diversity in number of community types, and they are
definined by hydroseres containing annual grasslands
of C. fasciculatus, ephemeral quillwort swards of
Isoetes setaceum, and Mediterranean palustrian thistle
forbs of E. corniculatum. Deep ponds share with the
latter habitats VP vegetation which occurs in their
intermediate and marginal belts, but deep ponds also
support communities with a longer flooding period
such as Myriophyllum alterniflorum and B. maritimus.
This fact supports the differentiation of VP and L
habitats and vegetation. Marshland habitats have been
Table 2 Physiognomy and preferential habitat traits of the 15 community (Comm.) types
Community type Physiognomy Habitat
A—Agrostis stolonifera Comm. Stoloniferous perennial
grasslands
Intermediate part in marshlands
B—Juncus rugosus Comm. Rhizomatous rushes Margins of vernal pools and marshlands
C—Juncus capitatus–Isoetes hystrix Comm. Ephemeral quillwort swards Margins of vernal pools
D—Eleogiton fluitans–Juncus heterophyllus Comm. Decumbent floating vegetation Deep part of marshlands and vernal pools
E—Eleocharis palustris–Glyceria declinata Comm. Low helophytic grasslands Deep part of vernal pools and marshlands
F—Juncus emmanuelis Comm. Rhizomatous rushes Intermediate part of vernal pools
G—Phalaris coerulescens Comm. Perennial grassland Disturbed wetlands
H—Agrostis castellana Comm. Perennial grassland Margins of vernal pools
I—Eryngium corniculatum–Baldellia ranunculoides
Comm.
Swampland thistle forb Deep part of vernal pools
J—Isoetes setaceum Comm. Ephemeral quillwort swards Deep part of vernal pools
K—Eleocharis multicaulis Comm. Turf grasslands Margins of marshlands
L—Ranunculus peltatus Comm. Ephemeral aquatic crowfeets Deep part of the vernal pools and deep
ponds
M—Chaetopogon fasciculatus Comm. Annual grasslands Margins of vernal pools
N—Myriophyllum alterniflorum Comm. Rooted submerged pondweeds Deep part of the deep ponds
O—Bolboschoenus maritimus Comm. Bulrushes Intermediate part of the deep ponds
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found more closely related to perennial grasslands
(Agrostis stolonifera Comm.) and turf vegetation
(E. multicaulis Comm.). Disturbed wetlands were
related to low helophytic grasslands with the E. pa-
lustris–G. declinata community and to decumbent
floating vegetation with the E. fluitans–J. heterophyl-
lus community. Both communities play the role of
pioneer in the succession dynamics of studied pools.
Although the mean number of taxa per plant
community is not very high (Table 1), the total
species diversity in studied ecosystems overall is high
because of high species turnover from community to
community. This fact is supported by the results of
similarity analysis, in which all communities are
significantly different. This fact can be related to high
b-diversity (Williams et al., 2003; Magurran, 2004).
In terms of community richness, the pattern of
reduced richness with increasing length of flooding
has also been described in different wetland ecosys-
tems (Bauder, 2000; Barbour et al., 2005; Cherry &
Gough, 2006; Edvardsen & Økland, 2006; Lumbreras
et al., 2009). Only a small number of species are
adapted to extensive flooding. A consistent explana-
tion to this was provided by Bliss & Zedler (1998)
that studied the effects of different inundation
conditions in seed bank germination. According to
Fig. 2 Principal
component analysis plot of
habitats in relation to plant
communities. VP vernal
pool, M marshlands, L deep
ponds, D disturbed
wetlands. The first principal
component explains 46.2%
of total variance and the
first two components
combined explain 62.2% of
total variance (n = 29)
Table 3 Summary of habitats variables
Species Communities Soil particle size (%) pH Conductivity Organic carbon Nitrogen
n n Sand Clay
VP 129 13 61.6 (4.62) 20.9 (2.62) 5.3 (0.06) 156.8 (35.43) 1.966 (0.299) 0.295 (0.030)
M 109 8 83.9 (1.99) 8.8 (1.18) 5.4 (0.06) 160.1 (25.61) 1.757 (0.222) 0.358 (0.017)
L 102 11 64.1 (7.65) 20 (4.77) 5.6 (0.08) 199.2 (54.67) 2.269 (0.406) 0.265 (0.029)
D 63 6 66 (6.33) 21.5 (4.04) 5.1 (0.14) 357.9 (77.37) 2.808 (0.4) 0.537 (0.053)
VP vernal pool (n = 34), M marshlands (n = 39), L deep ponds (n = 8), D disturbed wetlands (n = 11)
Plant species and community diversity, mean values and ranges of physical and chemical variables. The standard error of the mean
(SE) is given in brackets
Table 4 Standardized canonical discriminant function coef-
ficients and correlations between discriminating variables and
standardized canonical discriminant functions
Canonical coefficients Correlations
Axis 1 Axis 2 Axis 1 Axis 2
N content -1.000 0.600 -0.471 0.882*
Soil clay (%) 1.029 0.549 0.514 0.858*
*P \ 0.05
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the same authors the inundation plays a large role in
keeping non-pool competitors out of the ponds.
Our results revealed that soil texture and N content
are two soil parameters that are significantly corre-
lated to habitat type. Discriminant analysis provides
good classification for vernal pools and marshland,
but not for deep pond habitat. These divergent results
may be due to insufficient data for deep ponds and
disturbed wetlands. Vernal pool and marshland were
much more frequently sampled as they appear to be
the more abundant habitats. The higher clay % in
vernal pools soil increases their water-holding capac-
ity (Bonner et al., 1997). Nevertheless, in the
summer, vernal pools in comparison with marshlands
present a more desiccated aspect.
Untested variables not quantified in our study,
such as hydroperiod have been shown by others
(Rhazi et al., 2001; Grillas et al., 2004; Pyke, 2004;
Serrano & Zunzunegui, 2008; Stamati et al., 2008;
Waterkeyn et al., 2008) to be another driving factor.
Clearly, more studies on soils profiles and water
tables in these ecosystems are required. The intensive
land uses like overgrazing or high technology agri-
culture in the territory can transform vernal pools and
marshlands into disturbed ponds edaphically charac-
terised, as shown our results, by a high content in N
as a consequence of cumulative effects in the
catchments area (Sileika et al., 2005; Szajdak et al.,
2006). The regression of vernal pool habitats, due to
anthropic disturbance, affects the abundance of rare
communities and species in a specific area; in
particular, we can refer to I. setaceum. The change
from natural to disturbed wetlands leads to habitat
eutrophication as well as a loss in vegetation richness.
Moreover, the plant community becomes composed
of more wide spread species, diminishing the indi-
vidualization between described plant communities.
In terms of conservation, it is important to have a
good classification of the natural values. Our study
demonstrates that both species and plant communities
can be used as tools to define wetland habitat
typology, as the results clearly show, vernal pool
and marshland habitats are strongly separated by
floristic attributes. The ponds designated as vernal
pools correspond to the Mediterranean temporary
Fig. 3 Plot of the two
canonical discriminant
functions. VP vernal pool,
M marshlands, L deep
ponds, D disturbed wetlands
Table 5 MDA classification results
Habitat Predicted group membership
VP M L D
Original (%)
VP 84.2 7.9 0 7.9
M 12.2 82.9 0 4.9
L 87.5 12.5 0 0
D 27.3 45.5 0 27.3
Cross validated (%)
VP 81.6 7.9 0 10.5
M 17.1 78 0 4.9
L 87.5 12.5 0 0
D 27.3 54.5 0 18.2
VP vernal pools, M marshlands, L deep ponds, D disturbed
wetlands
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ponds (3170*), protected as a priority habitat under
the EU Habitats Directive. In our case study, we
identified I. setaceum communities and E. cornicul-
atum–B. ranunculoides communities as their charac-
teristic vegetation. Furthermore, submersed Isoetes
species (I. setaceum and I. velatum) represents,
together with E. corniculatum, the indicator species
for vernal pools. I. setaceum is clearly a bioindica-
tor species for Mediterranean temporary ponds.
Nevertheless, this species is not included in the
Mediterranean temporary ponds definition of the
Interpretation Manual of European Union Habitats
(EC, 2007). The importance of Isoetes species in this
habitat was emphasized earlier by Que´zel (1998) and
Espı´rito-Santo & Arse´nio (2005). Conversely, deep
ponds have no priority conservation policy, even
though they include almost all the communities of
vernal pools plus vegetation tolerant of a longer
flooded period. Thus, in terms of conservation policy,
it is important to take deep ponds into account for the
sake of the highly important plant species and
communities within them.
The present trend in Mediterranean temporary
ponds is clearly regressive, lacking recognition of
their value and function which causes them to be
readily destroyed or transformed (EC, 2008). In terms
of threats, several authors (Zunzunegui et al., 1998;
Brinson & Malva´rez, 2002; De Meester et al., 2005;
Zacharias et al., 2007) are unanimous in listing
changes in drainage and the amount of silting as two
of the most important factors that can lead to the loss
of these seasonal wetlands. In our study area, the
transition from traditional to intensive agriculture,
with abandonment of traditional land use practices,
represents the major threat. Nevertheless, recently we
can observe an increased awareness of the value of
temporary ponds, and our results, by identifying
habitat indicator plant species and communities,
present a helpful tool to establish habitat conservation
priorities and strategies.
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